Background: Nuclear paraspeckle assembly transcript 1 (NEAT1) was demonstrated to serve as a carcinogenic long non-coding RNA (lncRNA) in multiple tumors including prostate cancer (PC).
Introduction
Prostate cancer (PC) is currently the most commonly diagnosed non-cutaneous malignancy and remains one of the primary causes of cancer-related mortality in men in the developed world.
1 Despite great efforts in early diagnosis and treatments, PC continues to pose a signicant public health burden, with more than 220 000 newly conrmed cases and an estimated 27 000 deaths yearly in the United States.
2 Although androgen deprivation therapy (ADT) is initially effective for many patients with PC, most patients ultimately evolve into castrationresistant prostate cancer (CRPC) at the advanced stages. Docetaxel, an important chemotherapy option, has been believed to exhibit modest survival benets for patients with CRPC. 4 However, resistance formation still remains a challenging and pervasive problem for the success of chemotherapy. 5, 6 Therefore, to develop effective therapeutic strategies to overcome this drug resistance, it is imperative to elucidate molecular mechanisms involved in the development of resistance to docetaxel in PC patients. The human genome sequence data indicates that only 2% of mammalian genome is able to encode proteins, while the majority of the transcripts are referred to as the non-coding RNAs, such as long non-coding RNAs (lncRNAs). 7 LncRNAs, a group of transcripts with more than 200 nucleotides and lack of protein-coding ability, modulate gene expression at the transcriptional, post-transcriptional and epigenetic levels. 8, 9 There is increasing evidence that these differently expressed lncRNAs may be involved in tumorigenesis, tumor progression and metastasis, highlighting the emerging roles of lncRNAs as diagnostic and prognostic biomarkers in various types of cancer. [10] [11] [12] LncRNAs have attracted broad attention in cancer research for its differential expression in multiple tumors.
13
Nuclear paraspeckle assembly transcript 1 (NEAT1), a nuclear lncRNA with two isoforms (3.7 kb NEAT1-1 and 23 kb NEAT1-2), was found to be a core architectural component of nuclear paraspeckle structure.
14,15 Aberrant expression of NEAT1 was observed to play a signicant role in tumorigenesis of a wide variety of cancers, including acute promyelocytic leukemia, breast cancer, non-small cell lung cancer, and glioma.
NEAT1 was also demonstrated to be signicantly overexpressed in PC and promote PC tumorigenesis. 19 However, the potential biological role of NEAT1 in docetaxel resistance of PC cells and the underlying mechanism are largely unknown. microRNAs (miRNAs) are endogenous, small non-coding RNAs which post-transcriptionally regulate gene expression by binding to the 3 0 -untranslated region (3 0 -UTR) of mRNAs. miRNAs are reported to act as oncogenes or tumor suppressors to participate in the regulation of a wide range of critical pathological processes of cancers. 20 There is a growing body of evidence indicating the involvement of miRNAs in chemoresistance of human cancers, including PC.
21,22 miR-34a was revealed to be markedly downregulated in PC cells and ectopic miR-34a expression inhibited cell growth and attenuated chemoresistance to camptothecin in PC cells. 23 Recently, a novel regulatory circuit has been proposed in which lncRNAs function as competing endogenous RNAs (ceRNAs) to sponge miRNAs, thereby derepressing miRNA target genes at the posttranscriptional level. [24] [25] [26] On the contrary, miRNAs could also target lncRNAs for degradation through Argonaute 2 (Ago2)-mediated pathway. 27 However, whether NEAT1 could interact with miR-34a to regulate docetaxel activity of PC cells remains to be investigated.
In our study, we reported that knockdown of NEAT1 overcomed docetaxel resistance of PC cells by upregulating rearranged during transfection (RET) proto-oncogene mediated by miR-34a. Our study provided a novel evidence for the crosstalk between NEAT1, miR-34a and RET, elucidating a potential molecular mechanism involved in PC chemoresistance.
Materials and methods

Patient tissue samples
Fresh PC specimens and matched adjacent normal tissues were collected from 30 patients with PC who were treated with radical prostatectomy at Huaihe Hospital of Henan University between June 2013 and November 2015. Without any preoperative treatment such as chemotherapy or radiotherapy, all 30 patients were diagnosed with prostate cancer postoperatively by histopathology. These tissue samples were immediately frozen and stored in liquid nitrogen for subsequent analysis. These experimental protocols were approved by the local ethics committee of Huaihe Hospital and written informed consent was obtained from all patients. This study was conducted in accordance with the Declaration of Helsinki Principles.
Cell culture
Human PC cell lines (PC3 and DU-145) and normal human prostate epithelial cells (PrEC) were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). These cells were cultivated in Roswell Park Memorial Institute (RPMI) 1640 medium (HyClone, GE Healthcare Life Science, Logan, USA) supplemented with 10% fetal bovine serum (Invitrogen, Carlsbad, CA, USA), 100 mg mL À1 streptomycin and 100 U mL À1 penicillin (Invitrogen) in a 5% CO 2 humidied atmosphere at 37 C. Docetaxel-resistant PC cell lines (PC3-DR and DU-145-DR)
were generated from parental PC3 and DU-145 cells by exposing them to an initial dose of 5 nmol L À1 docetaxel (Sigma, St.
Louis, MO, USA). Then the survivable cells were continuously cultured with gradually increasing doses of docetaxel in the culture medium until the nal concentration of 100 nmol L À1 .
Transfection
Small interfering RNA (siRNA) targeting NEAT1 (si-NEAT1), siRNA scrambled control (si-con), miR-34a mimic (miR-34a), mimic scrambled control (miR-con) miR-34a inhibitor (antimiR-34a), inhibitor control (anti-miR-con), siRNA against RET (si-RET) and corresponding scrambled control (si-con) were purchased from Genepharma (Shanghai, China). The full-length sequence of NEAT1 was amplied and sub-cloned into pcDNA3.0 empty control (Invitrogen), named as pcDNA-NEAT1. Cell transfection was performed using the Lipofectamine 2000 (Invitrogen) when the cell fusion rate reached 70%. Cells were collected 48 h aer transfection and subjected to further analysis.
Lentivirus construction, package and infection
Short hairpin RNA (shRNA) targeting NEAT1 and its matched controls were cloned into the lentiviral expression vector pLVH1tetO-GFP-Puro (Biosettia, San Diego, CA, USA), generating sh-NEAT1 and sh-con. Then the constructed lentivirus plasmids were cotransfected with PG-P3-RRE, PG-P2-REV and PG-P1-VSVG into 293T cells. At 72 h post-transfection, PC3-DR cells were infected with the collected lentiviruses, followed by being screened with puromycin for almost 7 days in order to obtain stable lentivirus-transfected cells.
Quantitative real-time RT-PCR (qRT-PCR)
Total RNA samples were extracted from PC tissues or cells using Trizol (Invitrogen). 1 mg of total of RNA was reverse-transcribed to complementary DNA (cDNA) using random primers (10 mM) and high capacity cDNA Reverse Transcription Kit (Applied Biosystems, Boston, MA, USA). The expression of NEAT1 was quantied using SYBR Green PCR Kit (Qiagen, Valencia, CA, USA) and normalized to GAPDH. 
Western blot
Total protein (20 mg) from cell lysate were loaded onto 10% SDS-PAGE and then electrophoretically transferred to PVDF membranes. Aer blocked in 5% non-fat milk at room temperature for 2 h, the membranes were probed overnight with primary antibodies RET and b-actin (Cell Signaling Technology, Danvers, MA, USA) at 4 C overnight, followed by incubation with HRP-coupled goat anti-rabbit secondary antibody.
Docetaxel resistance assay
Docetaxel resistance was assessed using a Cell-Counting Kit 8 (CCK-8) (Dojindo, Kumamoto, Japan) as described by the manufacturer. The PC cells were plated in 96-well plates at a density of 8 Â 10 3 per well 48 h post-transfection and then were treated with various concentrations of docetaxel (0.32 to 100 mM) for 48 h. Subsequently, 100 mL of complete medium containing 10 mL of CCK-8 solution was added for another incubation of 2 h at 37 C. The absorbance value was determined at 450 nm using the Innite M200 spectrophotometer (Bio-Rad Laboratories). Half maximal inhibitory concentration (IC 50 ) values of docetaxel were calculated by the GraphPad Prism soware.
Apoptosis analysis using ow cytometry
Apoptotic rate of cells was examined with Annexin-V-FITC apoptosis detection kit (BD Biosciences, San Jose, CA, USA). Briey, 1 Â 10 6 treated PC cells were harvested, washed with icecold PBS, and incubated with Annexin V-FITC and propidium iodide (PI) for 10 min in the dark. FACScan Flow Cytometer (BD Biosciences) was applied to test apoptotic event.
Luciferase reporter assay
The 3 0 UTR of RET mRNA containing the putative wild-type or corresponding mutated miR-34a binding sites or NEAT1 fragment containing the predicted wild-type or mutated miR-34a binding sites was synthesized and subcloned into the downstream of luciferase gene in the pmiR-GLO reporter vector (Promega, Madison, WI, USA), namely pmiR-GLO-RET-3 0 UTR-
, and pmiR-GLO-NEAT1-MUT (NEAT1-MUT). For the luciferase reporter assay, 293T, PC3-DR and DU-145-DR cells were cultured in 96-well plates and cotransfected with miR-34a or miR-con and reporter plasmids (RET-WT, RET-MUT, NEAT1-WT, or NEAT1-MUT) using Lipofectamine 2000 (Invitrogen). Luciferase activity was measured using the dual-luciferase assay system (Promega) 48 h posttransfection.
In vivo tumor xenogra model
The procedures involving animal experiments were conducted with the approval of the Ethics Committee of Huaihe Hospital and in accordance with the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and Animal Welfare Act. About 1 Â 10 7 logarithmically growing PC3-DR cells stably transfected with sh-NEAT1 or sh-con were subcutaneously injected into the right hind ank of female nude mice from the Animal Center of Guangzhou Province (Guangdong, China). At 7 days aer the injection, mice were administered intraperitoneally with 10 mg kg À1 docetaxel or same volume of PBS every 3 days. Tumor growth was measured every 3 days using a caliper rule according to the formula: volume ¼ (width 2 Â length)/2. The mice were euthanized at 28 days post-inoculation, and the xenograed tumors were excised and weighed. The resected xenograed tumors were subjected to qRT-PCR and western blot analyses.
Statistical analyses
All results are expressed as mean AE standard deviation (SD). Statistical analysis was performed using SPSS soware version 18.0 (SPSS, Inc., Chicago, IL, USA) with Student's t-test or oneway ANOVA. P values less than 0.05 were considered to indicate a statistically signicant difference.
Results
NEAT1 was upregulated and miR-34a was downregulated in PC tissues and cells
To explore the biological functions of NEAT1 and miR-34a in docetaxel resistance of PC, we initially detected the expressions of NEAT1 and miR-34a in 30 PC tissues and adjacent normal tissues by qRT-PCR. The results showed that NEAT1 expression was signicantly higher (Fig. 1A) and miR-34a expression was dramatically lower (Fig. 1B) in PC tissues than that in adjacent normal tissues. Furthermore, we analyzed the expressions of NEAT1 and miR-34a in parental PC cells (PC3 and DU-145), docetaxel-resistant PC cells (PC3-DR and DU-145-DR), and normal human prostate epithelial cells (PrEC) by qRT-PCR. As compared with PrEC cells, NEAT1 was exceptionally upregulated in PC3 (Fig. 1C ) and DU-145 (Fig. 1D ) cells, and it was much higher in PC3-DR and DU-145-DR cells than that in PC3 and DU-145 cells. On the contrary, miR-34a expression was obviously decreased in PC3 (Fig. 1E) and DU-145 (Fig. 1F ) cells compared with PrEC cells, and it was much lower in PC3-DR and DU-145-DR cells than that in PC3 and DU-145 cells. These results demonstrated the involvement of NEAT1 and miR-34a in docetaxel resistance in PC cells.
NEAT1 knockdown improved sensitivity to docetaxel in docetaxel-resistant PC cells
We rstly evaluated the docetaxel resistance of PC3-DR and DU-145-DR cells by IC 50 value of docetaxel using CCK-8 assay. As shown in Fig. 2A and B, IC 50 value of docetaxel in PC3-DR and DU-145-DR cells was strikingly higher than PC3 and DU-145 cells, demonstrating the docetaxel resistance of PC3-DR and DU-145-DR cells. To explore the effect of NEAT1 on docetaxel resistance of PC cells, loss-of-function experiments were employed by transfecting si-NEAT1 or si-con into PC3-DR and DU-145-DR cells. qRT-PCR was used to verify the transfection efficiency and the results exhibited that si-NEAT1 transfection led to a signicant decrease of NEAT1 expression in PC3-DR ( Fig. 2C ) and DU-145-DR (Fig. 2D ) cells. Next, the effect of NEAT1 knockdown on docetaxel resistance of PC3-DR and DU-145-DR cells was investigated. The results indicated that introduction of si-NEAT1 signicantly reduced IC 50 value of docetaxel in PC3-DR (Fig. 2E) and DU-145-DR (Fig. 2F ) cells compared to si-con-transfected cells. The effect of NEAT1 knockdown on docetaxel-induced apoptosis was further explored by ow cytometry analysis. As presented in Fig. 2G and H, NEAT1 knockdown or docetaxel treatment effectively induced apoptosis, while combination treatment with si-NEAT and docetaxel dramatically aggravated docetaxel-induced apoptosis in PC3-DR and DU-145-DR cells. Collectively, these data suggested that NEAT1 knockdown increased the sensitivity to docetaxel in docetaxel-resistant PC cells.
NEAT1 interacted with miR-34a in docetaxel-resistant PC cells
Increasing of publications reported that lncRNAs contain motif with complementary sequence to miRNAs. Therefore, Starbase v.2.0 was used to predict potential miRNAs that directly interacted with NEAT1. As a result, miR-34a was predicted to contain the complementary binding sites with NEAT1 (Fig. 3A) . To conrm whether NEAT1 could interact with miR-34a, luciferase reporter assay was performed. As expected, ectopic expression of miR-34a signicantly suppressed the luciferase activity of NEAT1- WT reporter in PC3-DR (Fig. 3B) and DU-145-DR (Fig. 3C) cells, but did not impair the luciferase activity of NEAT1-MUT reporter, suggesting that miR-34a could directly bind to NEAT1 at the recognized sites. Furthermore, qRT-PCR was conducted to assess the real regulatory effect of NEAT1 on miR-34a expression in PC3-DR and DU-145-DR cells. Our data demonstrated that miR-34a expression was markedly decreased in pcDNA-NEAT1-transfected PC3-DR and DU-145-DR cells (Fig. 3D) , while miR34a expression was apparently increased in si-NEAT-transfected PC3-DR and DU-145-DR cells (Fig. 3E) . Therefore, we concluded that NEAT1 could interact with miR-34a and suppress miR-34a expression in docetaxel-resistant PC cells.
NEAT1 knockdown enhanced sensitivity to docetaxel by sponging miR-34a in docetaxel-resistant PC cells
To investigate whether the involvement of NEAT1 in docetaxel resistance was mediated by miR-34a in docetaxel-resistant PC cells, PC3-DR and DU-145-DR cells were introduced with miR34a, miR-con, si-con, si-NEAT1, si-NEAT1 + anti-miR-con, si-NEAT1 + anti-miR-34a, and then docetaxel resistance assay and ow cytometry analysis were performed. As illustrated in Fig. 4A and B, forced expression of miR-34a or NEAT1 knockdown led to a marked decrease of IC 50 value of docetaxel in PC3-DR and DU-145-DR cells, whereas anti-miR-34a transfection strikingly abolished NEAT1-knockdown-mediated reduction in IC 50 value of docetaxel. Meanwhile, our results revealed that exogenous expression of miR-34a or NEAT1 knockdown obviously induced apoptosis of PC3-DR (Fig. 4C) and DU-145-DR (Fig. 4D ) cells, while miR-34a inhibition signicantly reversed NEAT1-knockdown-induced apoptosis, as demonstrated by ow cytometry analysis. Taken together, these data revealed that NEAT1 knockdown enhanced sensitivity to docetaxel by downregulating miR-34a in docetaxel-resistant PC cells.
NEAT1 positively regulated RET expression by functioning as a ceRNA of miR-34a
To further explored the molecular mechanism by which NEAT1 and miR-34a exerted their regulatory effect on docetaxel resistance of PC cells, targetscan (http://www.targetscan.org) and miRanda (http://www.microrna.org) algorithms were employed to predict the potential targets of miR-34a. Target prediction analysis revealed that RET was a potential target of miR-34a (Fig. 5A) . Subsequently, luciferase reporter assay was performed to conrm the direct binding between miR-34a and RET. 293T, PC3-DR and DU-145-DR cells were cotransfected with constructed luciferase reporter plasmids containing the wild-type or mutated miR-34a binding sites in the 3 0 UTR of RET mRNA and miR-34a, miR-con, miR-34a + pcDNA3.0, or miR-34a + pcDNA-NEAT1. The results revealed that increased expression of miR-34a signicantly reduced the luciferase activity of RET-WT reporter in 293T (Fig. 5B) , PC3-DR and DU-145-DR (Fig. 5C ) cells, while co-treatment with miR-34a and pcDNA-NEAT1 markedly reversed this effect. However, the luciferase activity of RET-MUT reporter was not affected by any treatment. We further analyzed the protein level of RET by western blot in PC3-DR and DU-145-DR cells transfected with si-con, si-NEAT1, miR-con, miR-34a, miR-34a + pcDNA3.0, or miR-34a + pcDNA-NEAT1. As shown in Fig. 5D and E, NEAT1 knockdown or miR-34a overexpression dramatically reduced the protein level of RET in PC3-DR and DU-145-DR cells, but ectopic expression of NETA1 effectively restored miR-34a-mediated reduction of RET protein level. Collectively, these data indicated that NEAT1 positively regulated RET expression by sponging miR-34a.
NEAT1 overexpression reversed RET-knockdowninduced sensitivity to docetaxel in docetaxel-resistant PC cells
To explore the role of RET in docetaxel resistance of PC, the expression of RET in parental PC cells (PC3 and DU-145) and docetaxel-resistant PC cells (PC3-DR and DU-145-DR) was initially detected by qRT-PCR and western blot. As shown in Fig. 6A and B, RET expression at both mRNA and protein levels was markedly increased in PC3-DR and DU-145-DR cells in comparison with PC3 and DU-145 cells. Due to the positive effect of NEAT1 on RET expression, we investigated the regulatory role of NEAT1 on RET's function in docetaxel-resistant PC cells. Docetaxel resistance assay and ow cytometry analysis were conducted in PC3-DR and DU-145-DR cells treated with sicon, si-RET, si-RET + pcDNA3.0, or si-RET + pcDNA-NEAT1. The predicted miR-34a binding sequences in the 3 0 UTR of RET mRNA or the corresponding mutant type. Luciferase reporter assay was performed to detect luciferase activity after 293T (B), PC3-DR (C) and DU-145-DR (C) cells were cotransfected with RET-WT or RET-MUT and miR-34a, miR-con, miR-34a + pcDNA3.0, or miR-34a + pcDNA-NEAT1. Western blot was carried out to determine the protein level of PC3-DR (D) and DU-145-DR (E) cells transfected with si-con, si-NEAT1, miR-con, miR-34a, miR-34a + pcDNA3.0, or miR-34a + pcDNA-NEAT1. *P < 0.05.
CCK-8 assay implicated that IC 50 value of docetaxel was remarkably decreased in RET-knockdown-PC3-DR (Fig. 6C) and DU-145-DR (Fig. 6D ) cells, suggesting that RET knockdown dramatically improved sensitivity to docetaxel in docetaxelresistant PC cells. Nevertheless, NEAT1 overexpression greatly relieved the reduction in IC 50 value of docetaxel by RET knockdown. Flow cytometry analysis indicated that RET knockdown signicantly promoted apoptosis of PC3-DR (Fig. 6E) and DU-145-DR (Fig. 6F ) cells in contrast to si-contransfected cells, whereas cotransfection with si-RET and pcDNA-NETA1 obviously inhibited si-RET-induced apoptosis of PC3-DR and DU-145-DR cells compared to si-RET + pcDNA3.0 group. Thus, these data demonstrated that NEAT1 overexpression abated RET-knockdown-induced sensitivity to docetaxel in docetaxel-resistant PC cells.
NEAT1 knockdown enhanced sensitivity to docetaxel of docetaxel-resistant PC cells through suppressing RET expression by sponging miR-34a in vivo
To further conrm the biological function of 1 in docetaxel resistance of PC cells in vivo, a xenogra nude mice model was established. PC3-DR cells stably transfected with sh-NEAT1 or sh-con were subcutaneously injected into nude mice. At 7 days aer the inoculation, mice were administered intraperitoneally with 10 mg kg À1 docetaxel or same volume of PBS every 3 days. As presented in Fig. 7A and B, NEAT1 knockdown or docetaxel treatment signicantly impeded tumor growth including tumor volume and weight, however, cotreatment with NEAT1 and docetaxel aggravated docetaxel-induced inhibition on tumor growth, indicating that NEAT1 knockdown enhanced sensitivity to docetaxel of docetaxel-resistant PC cells in vivo. In addition, we estimated the effects of NEAT1 on the expression of miR-34a and the protein level of RET in vivo. Consistently with the in vitro results, transfection with sh-NEAT1 signicantly promoted miR-34a expression (Fig. 7C ) and suppressed RET level (Fig. 7D ) compared with control group in the resected tumors in the presence of docetaxel, as demonstrated by qRT-PCR and western blot, suggesting that NEAT1 knockdown suppressed RET by sponging miR-34a in vivo.
Discussion
Aberrant expression of lncRNAs is involved in the development of drug resistance of various tumors and provides new insights into cancer treatment and drug resistance. 28, 29 Nevertheless, the biological function of lncRNA in drug resistance of PC cells remains largely unclear. Elucidating the detailed molecular mechanism by which lncRNAs function in the drug resistance of human malignancies would contribute to the development of lncRNA-mediated therapeutics against cancers that respond poorly to chemotherapy. In the current study, we demonstrated that NEAT1 was aberrantly upregulated in docetaxel-resistant PC cells. Functional and mechanistic analyses revealed that NEAT1 knockdown improved docetaxel sensitivity of docetaxelresistant PC cells, which was partially credited to its ability to serve as a ceRNA of miR-34a, resulting in derepression of RET.
According to previous studies, NEAT1 functioned as a crucial transcriptional regulator for numerous genes, some of which Fig. 7 NEAT1 knockdown enhanced sensitivity to docetaxel of docetaxel-resistant PC cells in vivo. PC3-DR cells transfected with sh-NEAT1 or sh-con were subcutaneously injected into nude mice. At 7 days post-inoculation, mice were administered intraperitoneally with 10 mg kg are implicated in cancer progression. 30 Anomalous expression of NEAT1 has been reported in several human malignancies and exerts oncogenic activity in breast cancer, 31 hepatocellular carcinoma, 32 thyroid carcinoma, 33 PC, 19 and pancreatic cancer.
34
More importantly, previous studies demonstrated the involvement of NEAT1 in chemoresistance in several tumors. For example, NEAT1 expression was found to be repressed in leukemia cells and overexpression of NEAT1 alleviated multidrug resistance in leukemia cells through inhibition of ATPbinding cassette G2. 35 NEAT1 was demonstrated to function as a ceRNA of miR-98-5p to upregulate copper transporter 1 (CTR1), thus enhancing cisplatin sensitivity in lung cancer cells. 36 Additionally, NETA1 was reported to be highly expressed in gastric cancer tissues and cells, moreover, NEAT1 knockdown depressed chemotherapy resistance to adriamycin and promoted adriamycin-induced apoptosis in gastric cancer.
37
Consistent with the previous study, 19 our study conrmed the upregulation of NEAT1 in PC tissues and cell lines. Also, higher expression of NEAT1 in docetaxel-resistant PC cells was observed, suggesting that NEAT1 may be involved in docetaxel resistance of PC cells. Loss-of-function experiments demonstrated that NEAT1 knockdown signicantly improved sensitivity to docetaxel in vitro and in vivo. Our results provided new evidence in the current literature linking drug resistance and NEAT1 in PC.
The molecular mechanism by which NEAT1 mediated sensitivity to docetaxel in docetaxel-resistant PC cells remains to be thoroughly elucidated. Increasing evidence has demonstrated that interactions between lncRNAs and miRNAs are involved in many pathological processes of a wide range of human carcinomas. 38 In this case, lncRNAs are implicated in the ceRNA regulatory system and may serve as ceRNAs or molecular sponges to suppress the expressions and activities of miRNAs, thus leading to derepression of miRNA targets.
39
According to a previous study, NEAT1 functioned as a ceRNA for miR-377-3p, antagonized its functions and led to the derepression of its endogenous targets E2F transcription factor 3 (E2F3), which played an oncogenic role in promoting non-small cell lung cancer progression. 40 In nasopharyngeal carcinoma, NEAT1 overexpression upregulated zinc nger E-box binding homeobox 1 (ZEB1) by negatively regulating miR-204 expression.
41 NEAT1 was found to be able to regulate cyclin-dependent kinase 6 (CDK6) in laryngeal squamous cell cancer, which was mediated by miR-107. 42 In the present study, we gured out the underlying molecular mechanism of NEAT1 involved in docetaxel resistance in PC cells, by functioning as a miRNA sponge to regulate miR-34a. miR-34a has been reported to mediate drug resistance in various cancers, such as colorectal cancer, 43 diffuse large B-cell lymphoma, 44 bladder cancer, 45 and PC.
22,46
Consistently, our study demonstrated that miR-34a was significantly downregulated in PC tissues, parental PC cell lines, as well as docetaxel-resistant PC cell lines, and enforced expression of miR-34a enhanced sensitivity to docetaxel in docetaxelresistant PC cells. In addition, we discovered that NEAT1 functioned as a molecular sponge of miR-34a to positively regulate miR-34a target RET. Proto-oncogene RET encodes a receptor tyrosine kinase (RTK) which plays an important role in cell proliferation, migration, and differentiation in several human malignancies. 47 Our study revealed that RET was upregulated in docetaxel-resistant PC cells compared with parental PC cells, suggesting that RET may be involved in docetaxel resistance of PC. Moreover, miR-34a inhibition partially reversed NETA1-knockdown-induced sensitivity to docetaxel in docetaxel-resistant PC cells, while NEAT1 overexpression abrogated RET-knockdown-triggered sensitivity to docetaxel in docetaxel-resistant PC cells in vitro. Furthermore, in vivo experiment demonstrated that NEAT1 knockdown suggesting that NETA1 knockdown signicantly improved sensitivity to docetaxel by inhibiting RET level and promoting miR-34a expression in vivo. NEAT1 regulated sensitivity to docetaxel in docetaxel-resistant PC cells through inducing RET expression by sponging miR-34a in vitro and in vivo.
Conclusions
In conclusion, these results demonstrated that NEAT1 was upregulated and miR-34a was downregulated in docetaxelresistant PC cells. Furthermore, mechanistic analyses revealed that NEAT1 contributed to docetaxel resistance in docetaxelresistant PC cells through inducing RET expression by sponging miR-34a, shedding light on the vital role of NEAT1/ miR-34a/RET asix in PC chemoresistance. Therefore, NEAT1 may be used as an effective chemotherapeutic target in the clinical diagnosis and treatment of PC.
Authors' contribution
Chaoyang Zhu and Yang Li designed the experiment. Xin Tian and Guangwei Zhang performed the experiment, analyzed the data, and wrote the manuscript. Hui Zhao and Chaoyang Zhu supervised the study and reviewed the manuscript.
Conflicts of interest
There is no conict of interest regarding the publication of this paper.
